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TEST EQUIPMENT FOR AUSTRALIAN REBECCA MKIILB 
AND EUREXA MK.ITI 


BY 
E.K.: Inall 


de INTRODUCTION 


This report describes the specialised test equipment 
which has been developed for the Australian Rebecca-Eureka 
' programme. The equipment is intended to carry out most of 
the essential tests and calibrations on these sets, both in 
the field, and in the workshop. It can also be applied 
directly to a number of other P-band beaconry, I.F.F. and 
radar search equipments. This test gear project does not 
include the provision of impedance measuring gear. 


The provisional technical requirements submitted by 
the R.A.A.F., require a test set with a C.R.0O., and auxiliary 
parts, to be as universal in application, and as portable as 
possible. In some respects the design used is not the most 
desirable, but this covld not be avoided owing to the urgency 
of the project, and the lack of certain components in 
Australia. ; 


The equipment is in three major units, namely, a test 
unit,a cathode ray oscilloscope, and test antennaée 


The prototypes of the test unit and antennay were 
designed and constructed by the C.5.1.R. Division of Radjo- 
physics, and the cathode ray oscilloscope was designed by 
the Division of Radiophysics and the Gramophone Co. Ltd., 
and constructed by the Gramophone Co. Ltde 
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Service Designations 


The R.A.A.F. designate the complete equipments, 


Test Set Type RE Ident. No. YIOSB/500125. This consists 


of 
(i) 


(44) 


(444) 
4*2 


Test Unit type A1053 for Test Set Type RE1 
Idente No. ¥10SB/500133. 


Oscilloscope Cathode Ray Type A105. for Test Set 
Type RE1 Ident. Noe Y4i0SB/5001 3h, 


The antenna assenbly. 


Nature and Application of Equipment 


The test unit incorporates:= 


(a) 
(b) 
(c) 
(a) 


(e) 
(f) 


and 
(a) 
(b) 
(c) 
(a) 
The 


Wavemeter 
Diode Voltmeter 
Range Calibrator 


Pulsed H.F. oscillator, which will generate range 
marker pulses, 


P.R.F. meter 


Power unit, 


the CeoReOet= 


Cathode ray tube 

Triggered high speed timebase 
Video amplifier 

Blanking circuit. 


test antenna assembly consists of two dipoles which 


can be tuned to any frequency between 150 and 250 Mc/se The 
dipoles, with matching lines, are mounted on a tripod and 
can be rotated to suit both vertical and horizontal polarisa- 


tion. 
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Among the tests which can be made on Rebecea-Eurcka sets 
are:= 


(a) Receiving and transmitting froquencics 
(bo) Transmitter power and radiated ficld strength 
(c) Receiver performance 
' (da) Rebecea range caldbration 
(e) Eureka recovery time 


(f) Directional diagrams of antennae and squint of 
Rebecca fitted aircraft 


(g) Waveforms, pulse shapes and pulse lengths 
(h) P.R.Pi 


(j) IsF.F. Suppression. 


443 Weights Dimensions, and Power Requirements 


1ede1 Weights, Test unit - 48 lbs. 
Cathode Ray Oscillograph - 9$1bs. 
Antenna Assembly - 41 lbse 


4e5e2 The overall dimensions of these units are, 
Test Unit :- 15%" by 14" high, by 134" deep 
Cathode Ray Oscillograph 8" by 83", by 12" 


and the antenna packsinto a bundle of rods 2 feet long by 
about 6" diameter. - 


4.323 The maximum power recuirements of the set 
are, 


Oe? Amps at 240 Volts 50 eepese A.C. 
or 1225 Amps at 80 Volts 200 to 2,000 CeDeSe AoC. 
or 4.2 Amps’at 2h volts D.C, 
Three cables are supplied with each set, one for each 
type of mains supply. The cable for 240 Yolt A.C. is fitted 
with a 3-pin plug, the 80 Volt A.C. with a h-pin W connector 


and the 24 Volt D.C. with large battery clips. The correct 
cable must be used for each type of supplye 


4m 
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2~1 
2, FUNCTIONS O THE CIRCUITS 


There are two types of functions werformed by the test 
sete Firstly there are those which must be synchronised 
with external circuits, and secondly there are measurements 
which are continuous and independent of timinge Grouped in 
this way the functions of the test set ares 


) Range Calibration. 


(a) Test set is triggered by R.F. or Video pulse 
and generates R.«F. or Video Calibrator pips. 

(b) Test set self timed delivering a sync. pulse 
and RsF, or Video Calibrator pips. 


(2) Triggered C.R.O. which can be synchronised from an 
external circuit or can be self timed and supplying 
a synchronising pulse. 


(3) Pulsed Signal generator for testing the sensitivity 
of a receiver with C.R.O. presentation synchronised 
to the test sete 


synchronised 
4) Measurement of frecuency in the range 150-250 Mc/s. 


with a reading accuracy of + 4 Me/Se 


(2) P.R.F, meter to measure the repetition rate of a 
video of R.F. signal. 


- 


(3) RF. Power into a 75 ohm load. 


Refer to the complete cireuit, figure 11 (p.6=1) and 
the block diagram of figure 1 (pe2=2). 


2e1 Control Gate Generator 


The synchronised functions are controlled by a gate 
generated by Vi which may operate as a 350 GePeSe multi-~ 
vibrator or as a triggered generator, triggered by a positive 
or negative pulse oy the envelope of an R.F. pulse. 


2e2 Calibrator 


The negative gate, which is 1500 Usecs long switches the 
range calibrator or alternatively it is differentiated and 
triggers the pulse modulator. A Hartley oscillator generac=~- 
ing the distorted sine wave shown in figure 5 (pel-6) controls 
the calibrator. This wave form is squared by V2A, and 
differentiated to give a train of pulses shown in figure 5 
(Delim6). These pulses trigger the modulator. 
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2.3 Modulator and Calibration Output 


The pulsc modulator is a cathode coupled pulse generator 
consisting of Vu and one unit of V3. When the negative pip 
from V+ or the train of pips from the calibrator trigger 
this modulator it generates positive pulses 2.2 microscc. 
long. These may be coupled to the grid of the R.F. oscillator 
or to the RANGE CAL. OUTPUT plug on the front panel. 


The voltage waveform at the anode of the modulator is 
shown in Figure 66. (pel-8). These pulses, reduced to 
15 Volts amplitude by R6L and R64A are used as the video 
range calibration markers which are shown in Figure 6. 
To increase the amplitude of these markers reduce the value 


of R6MA. 


The markers arc spaced at ¢, 1, 5, or 10 nautical mile 
intervalse This spacing is accurate to +%4%. If, however 
the test set is being trigrered by other cquipment the first 
pulse of the train may be dclayed about 0.25 microsccse 


2.4 RF. Oscillator 


The R.F. oscillator, which covers the ranze 170 to 
2hO Mc/se, uses a 6J6 with lechers tuned by a split stator 
condenser coupled to the anodes. It is well shielded and 
the power leads filtercd, and therefore serves as a 
simplified signal generator which will generate C.i7. or 
pulse modulated R.F. A permanent connection to the wave~ 
meter cnables the frequency to be sct accurately, while the 
amplitude of oscillation of the generator is monitored by 
— of a diode ViO in conjunction with the D.C. amplifier 

Two outputs from the generator are provided, one giving 
an output of up to 1.5 Volts into a 75° load. This is 
sufficient signal to enable acrial diagrams and impedance 
measurements to be made. The otnrer outlet is by way of a 
piston attenuator which gives a maximim output of -10 db. 
from 0.1 Volts into an imoedance of 752. This attenuator 
reads down to -90 db. with an accuracy of + 3 db. and can 
therefore be used to check rccciver performance and cable 
system losses ectc. 


2-5 P.R.F. Meter 


The repctition frequency at which the gato from Vi is 
generated is measured by diffcrentiating and applying ¢t to 
the grid of the thyratron V5, This discharges C7 through 
the meter, V5 then ceases to conduct and C7 changes with a 
time constant of 700 wsece reaching 95% of the supply voltage 


Zl 


in 2,000 Uscc, The meter reads vp to 500 c.x.s. at which 
figure the 5% error is corrected by a contraction of the 
scalce 


2.6 D.C. Amplificr 


The R.F. voltage across a 75 ohm feeder and the 
frequency of an R.F. signal in the 150 to 250 Mc/s. range 
are measured with the diode head U858 and the wavemcter 
U856. The indicator used in each case is the D.C. amplifier 
V7 in conjuntion with a O-i mA meter. 


The input grid of the amplifier always connects to the 
anode of an EA50 the cmission of which maintains this grid 
Slightly negative with respcet to ca: the The cffect of this 
bias is balanced out by another EA50, V6. 


44 Volts applicd to the grid of VP? results in full 
scale deflection of the meter and the range is extended up 
to 300 Volts by the use of a rcsistivc attcnuator. 


2.7 Diode Head 


The diode haad is a completcly encloscd unit (see page 
6-4 and 6-5) with a resistive input of 752. The voltage 
across the input is applicd to the anode of an EA50 (Vit) 
the cathode of which connects to carth. The rectificd 
voltage at the anode is brought out through the law pass 
filter L18 and C56 which stops the leakage of R.F. but gives 
a vided frequency response up to 2 Mc/s. when used with the 
2,000 8 load in the ©.7.0. In which case the amplitude of 
the envelope of an R.Fs pubse is 0.75 of the peak R.F. 
voltage. The envclope may be used to trigger the gate gen- 
crator and thereby synchronise the test unit to. the source 
of the R.F. pulse or it may be integrated by 01h for power 
measurencnise : 


One third of a watt is the maximum power that can be 
absorbed by the diode head so that it can be used to measure 
Cele Signals of up to 7 Volts peak. When measuring pulsed 
power the metcr reads a certain fruction "a" of the peak 
voltagc. The variation of "a" with duty cycle is shown in 
calibration sheet 9 pagcs 6-20. Voltages of up to 400 Volts 
can be moasured if the duty cycle is such that the mean power 
is less than 4 watt. The indvctance of the loads to W114 
resonates with the interclectrode capacity at about 300 Mc/s. 
this causes the voltage across the interelectrode space to 
exceed the input voltage by an amount depending on the 
i requency. This error is corrected for by the use of a factor 
b" which varies with freaucncy according to the cewrve on 


calibration sheet,8, page 6=19- 
2e8 Wavemeter 


The wavemeter consists of a length of coaxial line 
slightly shorter than a quarter wavelength at 250 Mc/Sey 
snorted at one end and tuned by a variable condenser at 
the other. This condenser is operated by a worm drive which 
requires ten revolutions to cover the tuning range 150 to 
250 Me/s. Mounted on this drive is a scale which is marked 
with 10 large divisions subdivided into 10 to give a total 
of 100 small divisions representing 4; Mc/s. per division. 


This provides a reading accuracy of t 2, Mc/s. Referring to 


figure No.19 page 6-9, it will be seen that one of two 

Loops mounted near the shorted end of the line may be used 
to couple power into the wavemeter, The voltage developed 
across the open end of the tuned circuit is capacity coupled 
to the anode of Vi2. When the wavemeter is -suned to the 
applied signal resonance causes # sharp rise in the rect= 
ified voltage at this anode which, applied to the grid of 
V7 gives an increase in the meter readings 


2*9 Gathode Ray Oscilloscope 


The Gathode Ray Oscilloscope is a small unit designed 
to clamp onto the test unit, the connector shown on page 6=3 
providing six interconnecting circuits. The unit incorporates 
& O.ReTe VORIZ9/A, @ variable gain video Amplificor, a time 
base generator and blanking gate gencrator, as shown in 
figure 4 page 2=2 and the scircuit on page ba2, 


The anode supply to the VCR139/A is about 700 volts 
giving a sensitivity of 100 volts per inch. Switches in 
the deflection plate circuits enable signals to be applied 
to the plates directly or through the video amplifier and 
also provide an internal connection from the diode head in 
the test unit to the vertical deflection plate. 


The gain of the video amplifier is adjusted by varying 
the value of the cathode resistor. When the gain is a 
minimm of 0*6 the tube is a cathode follower with a small 
anode load. In this case the cireuit will handle 35 volts. 
of negative signal or 80 volts of positive and the shunt 
capacity of the input cireuit is about 15 pef. With the 
gain at its maximm of about 15 the circuit will handle a 
negative pulse of about volts and a positive one of 
8 voltse The input capacity is then 30 pel. 


The time base is generated by a phantastron controlled 
by the gate from the test sect. It provides linear negative 
sweeps of 12, 48, 120 or 1200 microseeonds duration which are 
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applied to one horizontal deflection plate and which are 
also differentiated and coupled to the grid of the blanking 
gate gencrator V6 


2-10 Power Supply 


The power recuircmcents for the system descriicd above 
arc 


80 mA at 300 Volts for anode swyplics 
3 mA at 700 Volts for C.R.T. operation 


4.95 Amps at 2h Volts for heatcrs : 
1.7/5 Amps at 2.5 Volts for 2 X 2 heaters 
1.1 Amps at 4.0 Volts for C.R.0. hoatcrs 


This is provided by a powcr supply which operates from 

.0.7 Amps at 240 V 50 cycles/see. A.C., 1.25 Amps at 80 Volts 
4.00-2,000 cycles/sec. A.Ci, or he2 Amps at 2h Volts D.C. 

When operating from D.C. a 24 Volt vibrator is uscd! To 
prevent noiss generetcd by the vibritor interfering with 
communication equipment or triggering Eureka, tho power 
.Supply is completely cnelosed and leads from it are Piltered, 


2e1t Test Antenna 


The test antenna assembly is shown on vage 6-16. It is 
set up in front of the Rebecea fitted sircraft to check for 
acrial squint, to tost the transmitting and recciving systoms, 
end to adjust range calibration. 


For these tests the sct is triggered by the R.F. pulse 
from Rebecca which is received in onc dipole, while the 
sccond dipole is uscd to radiate the train of RF. pulses 
generated by the signal gcnerstor. 
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3,. OPERATING PROCEDURE, Switehing on 

select from 24 volts D.C., 80 volts 200 - 2000~ A.C. 
or 2hO volts 50~4.C, the type of mains supply which will be 
most convenient, and attach the appropriate cable to the 
twelve pin connector on the front panel, The 24 volt cable 
has bpettery clips at the supply end, the polarity of 
connection does not matter. The 80 volt A.C, lead terminates 
in a four pin Ww connector and the 24.0 volts has a three pin 
plug. ‘when the correct cable is connected to tho mains 
the set is switched on py the appropriate one of the two 
switches at the side of the duput plug. 


3,1 Range Calibration of Indicators 


The range marks produced by the tost set are 
spaced at ¢, 1, 5 or 10 nautical miles, the required value 
peing selected by switch S20. It was stated in § 2 that the 
calibrator can be triggered by 


(a) A positive pip of 20 volts or ercater, 
(>) A negative pip of 15 volts or greater, 
or (c). A short pulso of RF. energy of 45 volts R.M.S. 
or greater 
and it then gives out range markers in the form of 
(a) +15 volts pulses 2 usec, long. 
or (b) RF. pulses 15 usec, long. 
Alternatively the tost set may be self triggering. rt 
then provides the range markers as above end both a positive 
and a negative sync. pulse either of which may be used to 


trigger the indicator circuits. These synce pulses are 
obtained from the same plugs as are used to trigger the set. 


of the many ways in which these methods of operation 
can be used cac of the following will usually be most 
satisfactory. 


3e1.1. The radar system opereting and supplying a 
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positive or negative sync. pulse to the test set. Video 
pips are applied to the video circuit of the indicator, 


Then the units should be connected by 


(a). A syne. cable from the radar set to TRIGGER Pos 
or TRIGGER NEG on the test set, 


(b) A video lead from RANGE CAL OUTPUT of test set 
to VIDEO IN on the indicator, 


Switch Si to VIDEO, 


S2 to 4, 1, 5 or 10 as required, 
and $3 to OFT. 


3e1e2 An indicator which requires a synchronis‘ng 
signal from an external circuit is calibrated by using the 
test set ss the timing circuits as well as to supply the 
calibration markers, 


Connect 


(a) A cable from TRIGGER NEG oor TRIGGER POS on 
the test set to the SYNGIN of the indicator, 


(b) A cable from RANGE CAL OUTPUT on the test set 
to VIDEO IN of the indicator. 


Switch S1 to S@LF 
S2 to Zs 1, 5 or 10 as required 
S353 to OFF. 


This will give a time base with suitable markers to 
enable the time base speed to be set to the required value. 


Se1e5 Calibration with the complete radar system 
operating as in normal service. Set wp the test serials 
aS shown on page 6=15 in the radar beem, and set the plane 
of polarization to thet of the radar aerials, 


Connect 


(a). A cable from one dipole to the test set 
DIODE HEAD INPUT. 


(b) A cable from the second dipole to 
SIG. GEN. ATSEN. OUTPUT of test set. 


ae S1 to RF. 
S2 to 4, 1, 5 or 10 as required 
§3 to TRIGD 
Sh to SIG. GEN. AM. 
S6 to RF. VIVM. 


Turn SIG. GEN. AMPLITUDE up until the meter reads 
about full scale, and turn ATTENUATOR CONTROL to 10 db. 


Switch Sk to  WAVEMETER 
Si to range Nos1 and zero the meter by means of 
VIVM ZERO control, 


Set the WAVEMETER TUNING to the radar frequency. 
(The frequency of the transmitter may be measured by means 
of the wavemeter as described in g 35 if it is not mown.) 


Tune the signal generator until the meter indicates a 
peak. The frecuency is then about the same as that on which 
the radar is operating. 


Tune the receiver to give maximum size markers on the 
screen and then turn ATTENUATOR CONTROL of test set down 


to give a suitable size. About LO - 50 db. down should be 
satisfactory. 


The arrangement of equipment used for this calibration 
is the same as required to check aerial squint of a 
Rebecca fitted aircraft and these two tests can be made 
consecutively with the one set up. 


302 Sgquint testing of Rebecca Aerials 


That is, te check that the signal from a beacon 
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directly ahead of the aircraft will produce eoucl deflections 
on both the port and starboard traces. 


Place the antenna assembly shown on page 6-16 in front 
of the aircraft accurately on the axis. When the adjustments 
described in § 5.1.3 have been carried out two series of 
marker pips, one to the left and one to the right of the 
indicator trece, appear on the screen. If the Rebecca 
aerials are correctly adjusted the amplitude of these two 
sories of markers should be equal, 


A more detailed check on the aircraft's ability to 
"home" may be made by moving the test dipole to points on a 
pearing of a". 10° ; 15°, ete from the dead ahead line of the 
craft and noting the ratio of amplitude of the two sots of 
markers. As the dipole is moved off to starboard. the 
starboard markers should increase and the nort decreaso, 


323 RF, Power Measurements 


303-1 C.W. Mecsurements 


The input to the diode head is matched to a 
-75 Ohm ceble and can absorb $ watt of power which is equal 
to a peak voltage reading of 7+*1 volts. The lowest voltage 
which can be measured is about 0°05 volts. Within these 
limits the accuracy of the readings is about + 10% or t 1 db. 


Couple the power to be measured into the 
DIODE HEAD INPUT and . 


Switch S1 to SELF or VIDEO 
S4 to DIODE HEAD ~ 
S5 to range No. 1, 2 or 3 as required to give 
a suitable meter reading, 


The peak R.F. voltage is then determined from Oalibration 
Ourve No, 2, 3 or 4 depending on the setting of S5. ‘These 
curves are correct when the radio frequency is 210 Mc/s. 

At other frequoncies there is a small error which can be 
corrected for by multiplying by the factor “b" the value 
of which is given by calibration curve No. 8 (page 6-19) 


3-5 
so that, 


Peak RF. Voltage = Vp = "Hh" x Voltage from Calibration curve. 


3e3e2 Measurements of Pulsed Power 


Provides. the meen power is not greater than 
¥ watt, pulse modulated power of. up to 300 volts can be measure 
as described in § 3.3.1. However in this case the meter does 
not read the peak voltage end = correction factor "a" which 
depends upon the duty cycle of the power mst be used, (The 
duty cycle is the ratio of the pulse length to the period 
petween the start of two successive pulses 


i.e, duty cycle = Pulse length in soc. x p.rf.). 


Values of "a" are plotted agsinst duty oyele in 
calibration curve lMo0.9 (page 6-20). 


The peak voltage is therefore fiven by 


Vp = Voltage from Calibration curve x "a" x "pb", 


4 
30303 Powor Output of Eureka 


To make uso of the method of measurement 
descrided in § 3.3.2 Bureka must be triggered by an RF. 
pulse at « known repetition rate. To do this connect the 
SIG. CEN, ATTEN, OUTPUT of the test unit to tho Eureka 
recciver input and the trensmitter output of Bureka to the 
DIODE HED INPUT of the test set, 


Switch S1 to SZLF 
S52 to OFF 
S83 to TRIGD 
Sk to DIODE WRAD 
85 to Range No. 4 
S6 to RI. VIVM 


Turn SIG. GEN. AMPLITUDE well up and set 
ATTEN. CONTROL to give. maximum output (-10 db.). Jack in 
the Surekanqrphones and ndjust the SIG. GIN. TUNING until 


3-6 


a 350 cyele per sec, note indicates that thet Euroka is 
being triggercc. Turn the ATTEN, CONTROL down until 
triggering begins to become erratic and then check the 

sig, GEN. TUNING to give most stable operation, Now turn 
the ATTEN, CONTROL up again until Eureka is triggered 
stably at 350 CeDeB. 


“he power output is then detormincd sas described in 
§ 30302 


The pulse lengths of Eureka is about 7+5usec, so that 
for this tost 


15 = 350 
10° 


Duty Ojyule = 


266 x 10 8 


{| 


Therefore thé voltage found from the calibration sheets 
must be multiplied by "a" = 1°52 (see curve page 5-20). to 
give the peak voltage. 


3.4 Field Strength Measurements 


Calculations of the power output of a transmitter 
from field strength measurements described in this section 
are rarely more accurate than + 3 db., however, when 
considered in conjunction with direct measurements of the 
power generated they do indicate the performence of the 
feeder and aerial system and the way the transmitter 
functions when loaded by the aerials. 


When a vertically polerized racio.wave strikes a 
surfece such as the eerth at an angle Imown as the Brewster 
angle most of the energy penetrates the surface. The value 
of the Brewster angle depends on the frequency and the 
electrical properties of the surface. For Eureka frequencies 
and the average ground it is ebout 15° This means that the 
field strength at a hoight of mine fect and 70 feet from thes 
Eureka acrial (height 10 fo.:t) is the same as if the acrial 


were a dipole in free space. This ficld strength can: 
therefore be calculated in terms of transmitted powor,. 


Thus if Eurxea is radiating 30 watts a peak voltage of 
0.54 volts should be received in a dipole at 70 fect, 
Measure this by crecting the EHuroka and test aerials 70 foct 
apart and woll clesr of reflocting objects, Connect thom 
to the eauipments so thet one test dipole couples into tho 
diode head and the other connects to the 
SIG. GEN. ATITGN. OUTPUT. 


Switch S11 to SiLF 
$2 to OFF 
83 to TRIGD 
S4. to DIODS HEtD 
$5 to Range No. 1 
S6 to RF. VIVE 


and by means of an extension lesd on the earphones or with 
the help of another operator, adjust the signal generctor to 
yrigger Burek2 and measure the voltage reccived as described 
in § 3.3.5 using space transmission instead of a direct 
connection, 

When measuring the field strength of radiation from 
Rebecca the Brewster angle effect will occur if the test 
dipole is 55 foet from the transmitting acrials. In this 
case when Rebecca is radiating 300 watts the peak voltage 
received should be about 2.% volts if the aerial has no 
director. 

305 Wavemeter, - 

(150 Mc/s. to 250 Mc/s.) 


305.1 Frequency Measurements 


Remove the cover from the WAVEMETZSR INPUT 
and couple in the signal 





Switch sh to WAVEMETIR 
S5 to coe} Noe 1 
S6 to 3.F, VIVM 


Set the moter to zcro by means of VIVM ZERO then 
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¢une the wavemetcr until the meter reads a maximum. [If the 
meter tends to read more than full scale switch S5 to 
range Noe 2, 3 or 4 etc wntil a maximum reading less than 
full scale can be obtained, 


The frequency is then found by reading the drum and 
dial scales above the tuning control and determining the 
frequency from the calibration curve No. 1 (page 6-17). 


305.2 Freguency of Rebecca and Bureka 


The frequency of most transmitters is 
markedly affected by the loading, and therefore frequency 
measurements and adjustments should be made while under load 
conditions. This is particularly important in the case of 
Rebecca and Eureka since they each have to be set on 
frequency by means of a wavemeter and can rarely be tuned 
one to the other. 


To measure the frequency of Rebecca erect the test dipole 
in a position where it will couple lightly to the transmitting 
aerial and connect its cable to the wavemeter input. If it is 
necessary to adjust Rebecca the dipole can be placed beside 
the fuselage near the observer's cockpit and the test set 
taken inside. The frequency is then measured as described in 
§ 5e5ele 


To check frequency of Eureka erect the Bureka and test 
set aerials side by side, and connect them to their equip- 
ments (as shown in Figure 2 pago 3-10). With the sets work- 
ing press the TEST ‘button on the Eureka panel and determine 
the operating frequency as described in § 3.421. When the 
TESI button is held down for long periods. several components 
in Eureka are over-losded. If therefore it is necessary to 
tune the transmitter, Eureka should be triggered by the test 
sete. In this case erect the aerials as above, jack the 
phones into Sureka, and connect the cable from the second 


test aerial to the SIG. GEN. ATTEN. OUTPUT of the test 
set, 


Switch $1 to SaLF 
$2 to OFF 
§3 to ‘TRIGD 
Sy to WAVEMETSR 
S5 to Rango No, 1 
S6 to RF. VIVM. 


Turn SIG. Gil. AMPLITUDE control well up end set 
ATTEN.CONTROL to its maximm, Switch Burokc recoiver 
frecuoney to a range other than that to which the trensmittcr 
4s to bo tuned, and adjust the signal generator controls 
ag described in § 36345. 


When these :djustments have beon made Hureka should be 
tronsmitting. Tune tho wavometer to the trznsmitter making 
sure thet the indicction observed is not due to the signal 
generator which is connected internsily to the wavemeter. 

To cheek this, romove tho cxble connecting the dipole to 
the wavemeter and note whether the moter reading disappears. 


Tuning Bureka Recciver, Reeeiver 


apy 


Signal Gonor:tor. 
Sensitivity 


3.6.1 C.%. Operation 
Switch S35 to O,W. 
$4 to WAVEMETER 


S85 to Range No. 1 
and 86 to R.F. VIVM, 


346 





Tine the wevemeter to the recuirod frequency, sct the 
meter to zero by moans of VIVM 4ERO and turn the 
SIG. GEN AM’LITUDE control wcll wp. Now tune the signal 
generator until the wavemetcr indicctcs that it is on 
froqueney and then switch S84 to SIG. GEN. il. Stop the 
Signal gonerstor by turning the SIG. GSW. AMPLITUDE 
control right down cnd then sect the meteor to zero again. 
Adjust the SIG. GEN. AMPLI'7UDE wntil the moter reads the 
valuc given in the instruction showts for thet particular 
set. Finelly check the freoueney by switching S4 b.:ck to 
WAVEMETER snd touch up the SIG. GEN. TUNING as 
rcquired,, thon switch bick.to SIG, GEN. <PLITUDE. The 





Figure 2, TUNING THE SUREKA TRANSNITTER 
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output from the SIG. GEN, ATTEN. OUTPUT can then be ; 
adjusted by means of the ATTEN, CONTROL the dial of which 
reads in db. down from O¢1 volts. 


3.60.2 Pulsed Operation 


For pulsed operation it is most convenient ané 
reliable to monitor the signal generator with the 
calibrator set to give markers at one mile intervals (see 
§ 4.503). Therefore, set S1 as required to synchronise the 
equipments and connect the appropriate synchronising cables, 
then switch S3 to C,’’, and set the signal generator 
approximately to frequency as described in § 3.6.1, 
page 3-10.. 


Switch S2 to 14 (mile) 
83 to TRIGD 
Sk to SIG. GEN. AMP, 
S6 to RF. VIVM 


and adjust SIG. GEN. AMPLITUDE until the meter reads the 
required value. Check the frequency by switching 83 to 
WAVEMETER and make any small adjustment which may be 
required, 


3.6.3 Tuning the Bureka Receiver 


Couple the output from the SIG. GEN, ATTEN. 
OUTPUT to the receiver input of Eureka, Jack the earphones 
into Eureka, switch $1 to SELF and adjust the signal 
generator to the correct output at the frequency to which 
Eureka is to be tuned (seo § 3,6,2), and then set S2 to OF. 
Reduce the attenuator output until Bureka is being triggereé 
intermittently and then tune the receiver until the most 
stable operntion is obtained, If Eureka is not triggered 
when the attenuator is turned to give a maximum output 
swing the signal generator frequency over a fow megacyeles 
until it is triggered, When this frequency is found 
switch §* to WAVEMETER and bring the signal generator 
back towards the correct frecueney until triggering becomes 
erratic, Tune the receiver to the signal generator 
ant again move the signal generator back towards the 
required frequency, These operations should be 


Bete 
repestod until the receiver 495 corzoctly tuned. 
after tuning sno reeciver its sensitivity should be 


such that 14 is triggerca by vovery pulse of emplitude equal 
to or grocter than ~56 db. from O°1 volts. 





Recoiver Sunsitivity and Resovemy Tims 


The method. of messuring reecivyer sonsitivity 
deseribod above is nos accurete bocsuse the oarphones do 
not indicate the omaet Lovcl at which tho sut is triggered 
by avery pulse. A more necum.toe aetormin:.tion of receivor 
sunsitivity along vith the pecovery tims oan bo mado using 
the onthoce ray oscilloscopce 


3e7 Burcks 


Insert 2 telophone plug in tho jask on tho Burcka panel 
end connect it to the VIDEO AMPLIPIA5 TNPur (sec Figed3 
photograph on page 6-23), Seloct the 12 psce, time dese ené 
NID. AP. by moons of. the vuspoctive switches 2nd turn 
the VID. GAIN full up. Proeecd to tunc tho recover 
as duscribed in 9 3-6-2 naing the cathode ray oseilloscape 

tuna of the varphonas to indicate when the set is being 
triggercd, 


The time basco is controllod by the test set so that 
a trace is gonorated each timo an RF, pulse is coupled 
+o Bureka therefore when ivory pulse trigccrs Bureka tho 
pulse appecrs as © complote Bisplacoment of tho start of the 
traee but when Burelse. is not being complotcly triggered some 
sweeps of the trace arc left undeflectcd, 


Mho rocovery time of the receiver should bo about 
60 to 70 microscronds. Having messured the sonsitivity, 
chock the rocovervy time by switching S2 to 1 milo and 
scleeting the 120 microsecond timo base. Adjusted in this 
woy the test unit starts the timo baso and.12 microscconds 
lator gives out « pulse of 2.F, which triggers Bureka «anc 
so sauses 2 pulse to appear on the a@ercen, The test sot 
continues to deliver pulses at 12 microsvcond intorvzls Sut 
these do not affect the rsoeoviver mtil it has recoverca from 
the ‘bias gener.tod by tho first pulse. If the rocovory timo 
is 60 used. the sixth puls: will trigger tho Burek: modulator 


3=13 
and a second pulse will appear on the screen. The time 
interval between these pulses will then indicate the 
recovery time required by the reecciver to an accuracy of 
+ 12Qusec. 


3.8 PR FF. of a Video or RF, Pulse 
328.1 Video Pulse 


Couple the pulse (positive or negative) into 
the appropriate connector, cither TRIGGER Pos or 
TRIGGER NEG, 


Switch S1 to VIDEO 
and S6 to P.R.F 


The repetition frequency is then read directly from the 
top scale of the meter, 


30822 RF, Pulse 


Couple the pulse, from the transmitter directly 
or from a dipole in the radiated field, into the 
DIODE HEAD INPUT and 


Switch S1 to R.F, 
and S6 to P.R.F, 


Then the repetition rate is read directly from the 
top scale of the meter, 


m4 
4, CIRCUIT DESIGN AND OPERATION 


hei Gontrol Gate Generator 


Consider first the triggered generator. 
A simplified circuit is shown in Figure 3, page 4-2 from 
which switches end multivibrator components have been 
omitted. 


The two triodes are the two sections of a 6SN7GT tube 
vi. In the waiting or stable condition the grid voltage 
of ViA is determined by the drop across R7 + RY which is 
such that the grid-cathode potential is just at the grid . 
current point. The cathode voltage is then determined by the 
anode current of ViA and the cathode resistors R15, R17 and | 
R18. ,; 


The grid voltage of ViB is held by R2 and R23 at $y 


of the anode voltage of ViA, while its cathode is at the 
same potential <s that of ViA. These voltages are such that 
the grid of VIB is negative with regerd to its cathode by 
an amount just sufficient to stop this tube conducting. 


A negative pulse applied to the anode of ViB is coupled 
by C6 to the grid of ViA. This ceuses the anode current of 
ViA to. decrease and the anode voltage to rise carrying 
with it the grid of ViB so that V1B conducts and the anode 
of VIB and the grid of ViA fell rapidly wntil the anode 
current is limited by the tube characteristics and the anode 
load,. by which time the grid of ViA is well below cut-off. 


The circuit remains in this steady condition while the 
grid potential of ViA approaches the H.T. supply voltage 
with atime constant of 4,600usec, as shown in Figure 3 
It reaches the cut-off voltage of -14 volts in a period of 
about. 11800 Usec, after which ViA. conducts, its anode voltage 
falls: and cuts off ViB so thet the grid of ViA is driven 
positive with regard to its cathode, Grid current soon 
restores the grid to the cathode potential so that the 
cireutt is restored to the stable waiting condition until 
the next trigger pulse occurs. 
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A positive pulse applied to the anode of ViA has to be 
developed across the conducting resistance of the tube and 
therefore has to be powerful and is coupled through a 
4000 pf condenser, Such a pulse causes ViB to conduct 
and the complete circuit goes through the cycle described 
above. The large condenser C1 loads the anode of ViA so 
that. it rises with a time constant of about 74 sec. but 
does not affect the negative gate at the anode of VIB. 


The output in each case is a negative gate of about 
60 volts amplitude and 1800 usec, in duration. The time 
constant with which the voltage drops at the front of the 
gate is about 1 usec. This is much slower than would be 
expected from the circuit design and is due to large stray 
capacities to the switch and trigger leads, 


A similer output with a slightly quicker front is obtained 
when the circuit is switched to become the multivibrator 
circuit shown in Figure 4, page 4h. In this case the 
anodes and grids are connected in the conventional manner, 
but the grids are returned to the potentiometer R2. The 
frequency of oscillation is determined by thse time taken 
for the grid of the tube which is non conducting to rise to 
the cut-off voltage of 14 volts below the cathode potential, 
This time is varied by changing the voltage to which the 
grid: tends to charge. The effect of this adjustment is 
shown: in Figure 3, it allows the frequency to be set at 
350 CepeSe permitting a normal tolerance for circuit 
components, 


When V1B commences to conduct the coupling condensers 
Ot0 and C8A apply the rapidly rising voltage at the anode 
of Viz to the grid of V1B. When the erid to cathode 
potential reaches zero the grid to cathode impedance becomes 
Very small and any further rise in voltage at the anode of 
ViA is: developed across the 20 pf condenser C8A and RI9A 
and: the: grid is not driven positive. 


ed ‘Range Calibrator 


- es : Pigure 5, page 4-6 shows a simplified diagram 
POS Scireuit. Its operation is controlled by the gate, 
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so that for the duration of the gate it generates the 
wave forms shown in Figure 5, page h-5, and in the period 
petween gates it is inoperative, 


The circuit consists of a Hartley oscillator V2A 
direct coupled to the amplifier V2B. The tank eircuit of the 
oscillator is one of four L, ©. circuits tuned to 


161.72 Ke/s. for + naut. mile markers 
80.86 Ke/s. for 1 naut. milo markers 
16.17 Ke/s. for 5 naut. mile markers 

and 8,08 Ke/s. for 10 naut. mile merkers, 


Centre tapped inductors genorate a grid to cathode 
voltage large enough to drive V2A to grid current at the 
positive peaks and to cut-off at the negative peaks, Grid 
current through 232 prevents the grid voltage rising ebove 
the cathode so that the voltage weve form at the anods of V2B 
is distorted to a sine wave from which the peaks have been 
clipped, This is coupled to and overdrives the grid of 
V2B so that the output wave form at the anode is a square 
wave consisting of a slow voltage rise as streys on the 
enods are charged through the 18KQ load and a rapid voltage 
fall when V2B starts to conduct. It is this sharp fall of 
voltage which, differentiated, is used to trigger tho 
modulator,. 


Between gates the oscillator is rendered inoperative by 
«the. low impedance of the cathode circuit of V3A shunted across 
. tts tank circuit and the anode current of V3A is limited by the 
_ Plate load to be equal to the peak current through the coil 
when oscillating, Thus when the negative gate applied to 
the-grid cuts V3A off, the current in the inductor flows 
fromthe condenser, with the result that the oscillator starts 
_. %t full amplitude and the first marker appears with full 
ittude one cycle after the start ‘of the gate. 








? The: values of the anode loads R34 and R35, and R31 
ud ths cathode resistor 228 and R27 are such that the 

ttage at the anode of V2A is about seven volts below 
lode potential of V2B. Under these conditions the 
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potential across 012 does not tend to change during any part 
of the cycle of operations ond therefore V2B commences to 
conduct at the same point on each cycle of the L.C. circuit. 
The interval betwoen markers as therefore exactly equal to 
the period of the oscillator, 


4.3 Pulse Modulator 


A sharp drop in poténtial of 30 volts or greater 

applied to the input of the modulator (circuit Figure 6, 

page he§) produces en output pulse 2 usec. long and 50 volts 
-4n amplitude across a 2000 ohm load. Thus if the gate is 

applied to 023 its front produces one such pulse while if 

the output of the calibrator is used, a series of pulses 
spaced at the oscillstor period arc obtained, These pulses 
are used to calibrate indicators or to grid modulate the 
RF. oscillator. 


When the circuit is in its stable condition the grid 
of V4 is at its cathode potontial and its anode current is 
- about 28mA. This current flows through R59 so that the 
--eathode potential of V3B is 20 volts. Since the grid of 
“-¥W3B Ls connected to ground this tube is non conducting. 


kes When the potential at the input is reduced rapidly 
623 carries tho grid of V4 down, reducing the anode current 
--ené therefore the potential at the cathode of v4. and V3B 
“untilV3B starts to conduct, The anode potential of V3B 
“s@rops-and V4 is cut-off allowing its anode, and the output 
_-wolltteage:to rise at a rate determined by the capacities to 

. ground charging through R61. ‘The circuit rests with the 
“current through V3B limited by the cathode resistor R59 and 


















ever the grid potential of V4 approaches the cathode with 
time-constant of }.lsec, determined by R58 and C23 plus 
After about 12 Useo, Vi starts to conduct causing its 
‘potential to rise and V3B is cut off, The anode 
; loaded with about 30 pf consisting of o2h and 
strays end therefore rises with a time constant of 
Gs6Usec, This carries the grid of V4 up and its 
falls terminating the pulse with a tail about % usec, 


<8 


by 


9 *DIa 
Bufoeds erTtu G ‘sueyrey stuey ospTtA 
: aay 
SLIOA S/ \/ 
I Q 


GINOIO HOLVINGON FsTAd 


<7 O89 
SS 





Lm 


ku Radio Frequency Oscillator 0857 
Signal Generator issemply, Figure 22, page 6-12, 


The radio frequency oscillator covers the 
frequency range 170 - 240 Mc/s., ond operaates either Cote» 
or pulsed. A type 636 double triode is used as the 
oscillator tube, in a push-pull circuit, with a tuning circuit 
between anodes, ond with cross connected fecdback condensers, 
The grid returns are meade through two chokes and a common 
grid leck. A built in attenuator and the complete shielding 
of this unit makes it possible to use it as a signal 
generetor, 


The tuning circuit consists of parallel rod lechers 
with a split-sttor tuning condenser, The lechers are at 
ground potential for D.C., and are connected to the anodes 
of the 636 through condensers, while the D.C. connections 
to the anodes are made by insulated wires run through the 
lecher tubes, 


It: was found cxperimentally thet the oscillator 
‘functions most satisfactorily when the lechers are earthed 
by a:iead from the top end of the shorting bar to an , 

_ a@jacent point on the case, This is achieved by clamping the 

- eerth lead under the cover of the case. ; 


Te athe frequency range covered by the condenser tuning can 
aie varied by chenging the position of the shorting bar, In 
\ Maemey frequencies from 140 Mc/s. to 250 Mc/s. may be 


















*. grids are connected togethor by two chokes (L416 
ye ond & connection from the junction of the chokes 
ght. outside the shicla box. ‘This lead is connected 
+8c modulator through a condenser (026) and 

B)» an@ to ground or minus 20 volts through the 
Perid leak resistor (R63 and switch S30, When 
fn ‘the 6," position, the modulator is disconnected 
; id returned vO ground, In this condition, the 
or operates continuously, With the switch set to 

? modulator is connected, and the grid is hela 

cut-off, The modulator applies rectangular 
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positive pulses 2,2 usec, in length which overcome the 

20 volts of bias and produce pulses of oscillation, 1.5 usec, 
in length, with a starting delay of about 0.5 usec. 

Figure 7, page 4-11 shows the shape of the modulating 

pulse and the envelope of the R.F. pulse respectively. 


Three outputs from the oscillator are provided, 
namely, low level output through an attenuator, high level 
output, and output to the wavemeter, 

The attenuator consists of a +" inside diameter tube, 
fitted with a faraday screen, mounted close to the shorting 
par of the lechers, A sliding piece inside the tube carrics 
a coupling loop and 72 ohm terminating resistor (R72). The 
output is brought from this slide by way of a flexible 
-eoaxial cavle to the front panel. The attenuator is driven 
from the front panel by.a rack and pinion, and a dial 

_ galiprated in Gecibols is fitted, The rate of attenuation 
ts 64,0 db. per inch, The zero of the scale is taken at 
°-O.1 volts R.M.S. into 72 ohms (140 uwatts), the maximum 
“output being 10 db. less than this. 


z The high level output connector is coupled fairly 
* tightly to the lecher circuit, and feeds an output of the 
order of 1,5 volts into a 72 ohm load. This output is used 
when. tho test sect is operating as a transmitter at a 

“power higher than that available through the attenuator, 
oa on arrangement would be required for aerial diagram 
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BES ont tudo of oscillation is monitored by V1i0, a 

me VRI2°(EA50) diode. A small coupling loop attached to 
“anode. of this tube is electromagnetically coupled to the 

sey it the shorting bar. As the coupling to the 

ie mis also electromagnetic,. end from the same part 


Sr’is proportional to the electromagnetic field 
attenuator tube, 
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If Vi0 is in the R,F, field the current through it is 
effected by an amount which depends upon the frequency of the 
field. This would meen that for a constant monitor reading 
the output of the attenuator would depend upon the frequency 
thereby rendering the attenuator calibration meaningless. 

To overcome this a small shield is placed around the HA50. 


The diode load is one megohm and therefore the monitor 
indicates the peak voltage of the R.F, outpue for C.W, 
operation, Oc4 db. down from peak when the oscillator is 
generating R.F, marker pulses at 1 mile spacing and 73 db, 
down when generating a single pulse with a repetition 
frequency of 350 C.eDeSs For this reason it is stated in 
the operating instruction § 35,2 that the amplitude for 
pulsed operation must be set with the range calibrator 
switched to 1 mile markers. The peak amplitude is then 
about the same for all repetition rates, 


All connections to the oscillator are filtered, the 
filters consisting of 100 pf mica condensers which resonate 
with their leads ot about 200 Mc/s. to give a low impedance 
shunt to ground and series chokes which with their own stray 
capacities form high impedance circuits in series with the 
leads. However in the case of the grid lead it is impossible 
to carry out such complete filtering. Here it is necessary 
to keep the capacity to ground as low as possible to avoid 
distorting the modulator wave form, However in this case the 
two 10 pf condensers and three chokes used give sufficient 
filtering. 


The tuning condenser shaft, of insulating material, 
comes out of the shield through a long sleeve. The diametor 
of this sleeve is very much less than that required for 
efficient propagation, so that energy which tends to leak 
outwards is very rapidly attenuated, 


The tuning condenser (90° rotation) is geared to the 
dial, which has 2 travel of 600° and this in turn is driven 
through a ball type epicyclic drive by the tuning mob. 


mt 3 
The smplitude of wscillation is controlled by the 
voltage of the anode supply which is drawn from the cathode 
of V4A. The voltage at the grid and therefore at the 
cathode of this tube is controlled by the potentiometer 
R66 end is therefore independent of the current drawn, 
with the result that the anode voltage of the oscillator is 
unchanged when switchii from C.7, to pulsed operation, 


Removal of the cover, dtem No.3, Megure 22, page 6-12 
allows access to the shorting bar and also allows the 
replacement of either valve. If however, more extensive 
maintenance or modifications zre required the cover, 
item No. 2 is also removed and the Oscillator withdrawn 
from the case by slackening the set screws in the drive, 
item 41, and removing the screws which secure the chassis 
and filter panel to the case as show on page 6-12,and 15, 


4.5 The P.R,F, Meter 


The P.R.F, meter reads repetition frequeneies of 
O to 500 apes. on a special scale of the meter, The 
principle of operation is described in § 2.5 where it is 
pointed out that the seale is contracted from linear by 
5% at 500 cepes. The reason for this non linearity is 
explained by the way the circuit shown in Figure 8, 
page 4-14 operates. 


The voltage regulator V6 draws sufficient current 
through R25 to maintain its anode at 150 volts. O7 therefore 
cherges through R21 to 150 volts and the 20 volts of bias 
on the grid of the thyratron V5 prevents it conducting, The 
positive gate from the generator V1 is differentiated by 
C5 and R11 which together have a time constant of 5 usec, so 
that at the commencemnt of each gate a positive pip is 
applied to the grid of V5, V5 conducts and the current, 
limited by R16, flows through the meter and discharges 07 
with a time constant of 9 Usec. therefore taking about 
20 Usec. to reach 15 volts, During this period the grid has 
returned to -20 volts so that the thyratron deionises and 07 
cherges to 150 volts with a time constant of 700 wsec, 

(07 x R21), 
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bed. 5 
The gate generator may be trigsered by a video pulse or 
a pulse of RF, or the test set may de solP timed. In each 
case every gate causes 07 to discharge from 150 to 15 volts 
through the meter so that the meter reading is proportional 
to the repetition frequency, 


When the P.R.F, is 500 c.p.s. the period between pulses, 
during which 07 has to charge, is only 2000 Hsec, or three 
times the charging time constant. In this time O7 can only 
charge to 95% of the 150 volts so that the current through 
the meter is 5% less than if O07 had charged completely, 

The meter scale from 300 c.p.s. to 500 CeoDeSe IS contracted 
to correct for this error, 


To allow calibration of the meter to compensate for 
variations in circuit components a potentiometer R& in 
series with RSA is connected across the meter, while the 
condenser Ch. also connected across the meter reduces the 
peak current through it, 


To conserve power, the high tension voltacc is applied 
to the P,R.F. meter only when the meter switch is in the 
P.ReF. position, 


4.6 Wavemeter, 0856. 


Figure 19, page 5-9 and the photographs on 
pages 610 and 6-14 give the complete details of the 
construction of this unit. Bloctricclly it consists of a 
length of coaxial line slightly shorter than a quarter wave- 
jength at 250 Mc/s., one end is shorted and the other is 
shunted by the tuning condenser, This condenser is drive 
by a shaft running through the inner conductor to the 
shorted end where 2 worm drive is mounted. Tho trimmer 063 
is adjusted so that the circuit tunes to 250 Mc/s. when the 
tuning condenser 062 is at a minimum, This provides a tuning 
range of 150 Mc/s. to 250 Mc/s. with a setting accuracy of 
+ Mc/s. 


Energy may be coupled to the line by one of two loops 
iinking the magnetic field at the closed end. These are 
Zooscly coupled so that the tuning of circuit is independent 
<° the impedance connected to them 


| 
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When the circuit is tuned to the frequency of the 
applied signal energy is delivered to it send an increased 
voltage is developed across the open end of the line. The 
diagram of Figure 9, page 4-17 represents the complete circuit 
and shows how the resonance is detected by measuring this 
voltage by means of the D.C. amplifier and meter, The 
VIVM SENSITIVITY control makes it possible to obtain a 
satisfactory meter reading with input voltages of from 
0.2 volts to 200 volts, 


If a fault is suspected in the detector circuit a 
simple check can be made by removing the RF. input, setting 
VIVM SENSITIVITY pm renge No. 1, shorting the output lead from 
the detector shield to ground, and then set the meter to 
zero by means or VIVM Z2RO. When the short is removed 
the meter should read about 0.1 to 0.3 mA-due to the 
emission voltage of the diode. If this deflection does not 
occur, check to see that the output lead is not permanently 
shorted to ground and then try replacing the diode. 


To remove the diode, unsolder the leads from the lugs 
on the cap, item 13 of the drawing on page 6-9, and take the 
cap off the diode housing, carrying with it the diode and. 
the other circuit components. The coupling probe, item 12, 
can then be removed from the anode and the tube withdrawn 
from the socket. Refore replacing the cap and diode 
remove the ond cover, item 14 from the wavemetor and take 
eare while replacing the cap that the coupling probe and 
polystyrene bush on the anode enter the hole in the wavemeter. 
If the cover is forced on while the bush is riding on the 
edge of this hole the diode envolope will be cracked, 


u.eSe41 The wavometer was calibrated by coupling the 
maximum output (about 0.2 volts) from a signal generator into 
the wavemoter and 2 crystal controlled heterodyne type fre- 
quency metor so thet the frequency could be set to z abo Me/s- 


The calibration accuracy of the first model was maintained 
at = a5 Mc/s. over-a period of three months although the 
dial had a total backlash of 4. Mc/s. This accuracy of 
resting ts not provided »y the calibration curves and so 
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a sorios of spot readings at the Buroka frequeneics are 
provided (see Figure 27, page 6-17), 


4.7 Diode Voltmeter, 858 


The clectrical operction of this unit is describca 
in § 2.7 ond the mechanical design is show by Figure 1h 
and the photographs on pages 6- to 6% 


Pigure 1¥ (page 6-7) shows tho outer shield of tho unit 
being removed to <llow access to the circuit compononts. 
However, when replacing sny component it is convenient to 
‘preak the unit into the two sub assemblius of Pigure 18.5 
Mounted on the inside of the anode endplate is the 
termine ting resistor R75. This resistor is enclosed in a 
sm2li metal tube which makes the mit a closcor match to 
the cable over a wide frequency range, 


in § 2.7 it was pointed out that at frequencies above 
200 Mit/sl the voltago developed seross the intoroleetrode 
space of the diode was greatcr than the vwiltage at the 
terminating resistor, The magnitude of this resonant 
voltage riso was measured by comparing the output of the 
diode head with that oFasimilar circuit employing a CVv58 
rectifier. Checks were made to shew that these two circuits 
loaded the R.F. generetor 5, the samc amount so that the 
input to each was identical, At 175 Mc/s. the outputs were 
equal but as the frecuency inereascd the output from the 
QZode head exceeded that from the CV58. At 210 Mc/s, this 
oxeess was 20% and at 235 Mc/s, 0%. The calibration curve 
of Figure <b, page 6={18 is drawn for tho combination of the 
diode head plus D.C. amplifier, It was determined by spply- 
ing known voltages to the amplifier input and observing the 
motor reading. These roxdings wore plotted against — 


of the applied voltaze so that the enlibration curves are 
correct for R.Z. voltszge measurements at 210 Mc/s. At 

176 Mc/s, this calibration is 14 db. low and .t 235 Mc/s. 
it is 14 db. high, <A correction factor for oach frocucne: 
is obtained from the curve of Figure 2%, pare 6-19, 


4,8 D.C. Amplifier 
hen rectifying pulse modulited 2.F. voltages it 


he19 


is impossible to obtain a mean rectified current large 

enough to be measurod conveniently.If however the rectifier 
load is made very large and by-passed, the voltage developed 
is close to the peak voltage of the R.F. The input attenuator 
of the circuit of Figure 10, page 4-20 is the load for the 
wavemeter detoctor, signal gonerator monitor end the diode 
head This circuit gives a small power gain but its main 
function is to operate the O~-1 mA motor and provide a 

high impedance input. 


When no R.F. is applicd to the anode of the rectificr 
both grids of V7 are held at a small nogative potential with 
respect to carth by the voltage of cmission of the diodes 
connected to them, and Ry is adjusted wmtil no current 
flows through the meter, Whon the voltage at the grid of 

‘A Palls its anode current is reduced causing the cathode 
potential to fall and the current of V7B to increase, This 
transfer of current from V7A to V7B produces a current 
through the meter which is proportional to the voltage 
applied to the grid of V7A and is equal to 1 mA for 14 volts. 
The maximum attenvation of the input voltege is 200:1 giving 
voltage ranges up to 300 volts, 


The emission voltage of the two EA50's may not be equal 
but Rui allows the meter to be set to zero, However when 
the range switch is operated the difference in potential 
between the two grids is changed and the meter must be set 
to zero again. The magnitude of this adjustment is very 
small compared with thet recuired if VS is omitted and no 
attempt is made to balance the stancing currents. When 
renewing one of the diodes it is necessary to select a 
replacement with a suitable emission voltage. All BA50's 
are of two types, in the first the standing current through 
a 1002 meter is between 0,08 mA and 0.2 mA while in the 
second it is between 0.5 mA and 1,0 mA and it is desirable 
that the four valves V8, 10, 11, and 12 all be of the seme 
type. To classify a new tube set the meter switch to 
TERMLS and connect the anode of the tube to the WNEG. 
terminal and the cathode to POS. Apply 6.35 voits to 
the heater and compare the standing current with that of 
V8. It will be found that about half the diodes tested 
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will fall into each class so that a tube of the required 
type will be obtained by testing a maximum of three or 
Pour. 


The heaters of the valves in the test set are arranged 
in groups of four in series so that carg must be taken when 
extra heater supply is being obtained from the circuit, 


4.9 Power Supply 


The circuit of this unit U859 is shown in 
Figure 11, page 6-1, and the power requirements, the 
supplies provided, the circuit operation, and shielding to 
prevent R.F. interference, are all described in § 2,10, 
Two further points about the circuit remain. 


It is usual to connect the timing condensers of a 
vibrator power supply across the secondary winding of the 
transformer. In such a circuit the leakage inductance of 
the transformer resonated with the timing condensers at 
2000 CepeSe so that when the power supply was operated from 
the 80 volts, 2000 c.p.s. mains a very lerge voltage was 
developed across the condensers and at the output, Even 
at frequencies below resonence there was severe capacitative 
loading of the transformer, and the initial current surge 
when switching on was exceedingly high. For these reasons 
a large gondenser (C99, 4 uF) in the primary circuit is 
used. The connectionsto P10 are then such that 099 is not 
in circuit for A.C. operation. 


The heaters of V15 and the C,.R.T. are at a potential 
of about 700 volts from ground and therefore have to be 
supplied from a special winding on the transformer even 
when the set is operated from D.C. It is required that the 
D.C. output from the power supply be the same, and that the 
heaters of V15 and the C.R.T. receive the same power, on 
poth A.C, and vibrater operation, but the D.C. output is 
proportional to the peak of the voltage at the secondary 
of the transformer while the heating is proportional to the 
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RMS. of this voltage. Also, for a sine wave the peak 
yoltage is 1.1 times the R.M,.S,. while for a square wave 
the peak is equal to the R.M.S. voltage. Thus if the D.0O, 
output is made equal for both cases the cathodes will be 
overheated on vibrator or under heated on the sine wave 
supply. Vibrator circuits which generate sine waves have 
peen developed but they require that the power transformer 
have a large icakage inductarze, which would interfere with 
operation on 2000 c.p.S. mains, or a separate inductor which 
would involve extra weight and space. In the circuit used 
the vibrator does not generate an exact square wave and the 
RMS. voltage is therefore less than the peak, also when 
operating from A.C. mains the wave form is slightly . 
squared by the transformer with the result that a workable 
compromise between constant D.C, output and correct cathode 
heating is possible. 


hei0 Metering 


The units described above are interconnected 
according to the schematic diagram of Figure 1 to form 
the circuit shown in Figure 11, (page 6-1 ). ‘This circuit 
provides for the meter to be agen to check the current 
to each unit. When the set is functioning correctly the 
readings should be about the same as those in the 


5. PRODUCTION MODULS 


5e1 Test Unit and Oscilloscone 

Tost Unit and Oscilloscope are being produced by the 
Gramophone Co. Ltde and incorporaiec many improvements in 
design which take them lighter, easier to scrvice and to use. 


5e1.1 The Production Diode Head 


The components of this unit are slightly rearranged 
to enable the valve to be replaced withot romoving tho end 
plates. It has also been possible to climinate the resonance 
which occurred in the prototypes so that the correction curve 
of Figure 29 will not be required. 


5e1-2 The D.C. Amplifier 


A meter shunt has been incorporated in the D.c,. 
amplificr circuit to make the voltage required for Pull 
scale mcter reading a neat value and so do away with the 
calibration curves provided with the “irst sects. 


It is thercforc possible to read the voltage at all 
frecuencies dircctly from the metcr. This convenience is 
gained however at a slight loss in accuracy of measurement. 


5e1-3 The Worm Drive on the Wavenetcr has been 
greatly improved by using ball bearings and a ball thrust 
race combined with spring meshing of the gearse The backlash 
is less than “$.Mc/s. and the control opcraivs with a velvet 
smoothness. 


5e2 Production Aerial 


The aerials are being produced by Precision Enginecring 
Co. Pty. Ltd. and will consist of the tripod and radiating 
assembly shown in Figure 32 page 6=22. The radiator can be 
mounted to give either vertical or horizontal polarization 
and it has the same gain and polar diagram as a dipole. In 
Place of the sccond dipole supplied with the prototype equip-=- 
ments a single rod radiator mounting directly on the set is 
provided. ; 
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ABSTRACT 


; The requirements for a test set for Rebecca and 
-wBureka (R.A.A.F. designation R.E.1.) are set out, with brief 
-@escriptions of the major parts and functions of the set. 

. -At this stage, most of the details have not been worked out, 
but it is expected that the final arrangement will be in ac- 


cordance with these notes. A very tentative wlve list is 
neluded. oe 
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RAAF. requirements for test get RB. 4 are set 


out roughly -in their provisional specification. 


Aa) 


i The functions required are:= 


! 


Wavemeter 


A very accurate, stable, and sensitive wavemeter to 
measure wavelength of Rebecca-Eureka when placed near 
aerial. When measuring Rebecca, no other functions 
are needed, but when measuring Eureka, test set mst 
supply video pulses to trigger the Eureka. It is 
also required to measure the frequency of the local 
oscillator in the test set. 





{e) 


(@) 


(e) 


(f} 


(g) 


fest set placed in front of aircraft, is to pick up 


and be triggered by R.F.: pulses from Rebecca and to 
radiate trains of pulses on Rebecca receiving fre- 
quency. The pulses in these trains are to be ac- 
curately spaced so that they serve as range cali- 
bration pips. It is also required to trigrer the 
test set by video pulses from Rebecca's transmitter, 
ani feed video range pips into its indicator... Cal- 
ipration marks will be provided at intervals cf 4, 14, 


‘hy. 10 nautical miles. 


be: 8 % Testi 


Test set placed some distance from, and accurately 
in front of aircraft, and operating as in (b). 
Squint observed on Rebecca indicator. — 


Rebeces Recei: ing System Sensitivity 
Test "(ey ana. known distance in front of aircraft 





as in (¢}> and output from test set adjusted by at- 
tenuator to get a given signal/noise ratio in Reb- 
eeca. Attermmator setting then gives Rebecca recciv— 
ing system performance fisure. 


ebecca ceiver Sensitivit 





Test set triggered by Rebecca's modulator, feeds RF 
aenee neeaeay into Rebecca's receiver, throuch at- 
emator. 


ebecca v ria 


Comparison of (d) and (e) gives gq figure for receiv- 
ing aerial performance, and (c) checks their direc- 
tional diagrams roughly. z 


Eureka Sensitivity 


Test set placed a standard distance from Bureka and, 
self triggered, radiates pulses from dipole via at- 
temator. Earphones pluggeé into Eureka repoduce 


super-regenerator hiss when Bureka is not triggered, chattering 
when intermittently triggered, and steady tone when steadily trig- 
gered. Attemator readings for these various conditions shav 
performance of Bureka receiver, 


(hn) 
(2) 


(3) 


(x) 


(1) 


‘m) 


a) 


») 


i 
Rebecca Poyer Output 
Output of Rebecca transmitter fed into a resistor. 
Peak voltmeter measures voltage across this resistor. 
Rebecca Radiation | 
Dipole set up in front of aircraft feeds into resistor 
with sensitive peak voltmeter across it. . 
Eureka Radiation © 


Dipole set up near Eureka feeds into test set as in 
(4), except that amplifier’ may be needed between di- 
pole and resistor 30 that voltage to be measured is 


 guffictently large. Test set must at the same time 


feed video triggering pulses to Eureka, 
b Ltti e tem 


_ Comparison of (h) and (1). 


E.R. Motor 


Test set placed in front of aircraft, is to pick up 
RF. pulses from Rebecca, rectify them and apply to 
aP,R.F, measuring circuit, P.R.Y. meter is also 

+o operate directly from Rebecca modulator. It 

should also measure P.2.%. of test set when it is 
self-trigsered. 

L.F. Suppression Sheek | 

Test_eet near aircraft, interrogating I.F.F. sct, while 
Rebécca is operating. Observe suppression on Rebecca 
indiestor. 


2. Major pares of sot 
The major parts of the set can be summarised:= 


Wavencter 


High Q coaxial inductance with precision tuning con- 
denser across it, Picde mounted directly on inductance 
to serve as detector. Inpute to come from outside ter- 
minal and from local oscillatcr of test set. Cutpus 
from diode to go to 4.c. amplifier and meter. 


Power megsurement - Hish power (Rebecca output) 


Output from Rebecca to be fed into small resistor with 
peak diode voltmeter across it. Diode output goes to 
common d.c. amplifier, as in (a). 


({c) 


(2) 
cA pulser is required to control (e), the pulse length 
' “being determined by a small pulse forming line. 


Cg). 
SiO function as flip-flcp when externally trig-cred, or 
' triggered by pulses from rectifier of (c). ‘When puls- 





‘Power Measurement = Medium pover (Rebecca Radiation) 


As in (b), except that full sensitivity of voltmeter 
. is used, instead of beins reduced as in (b). Dipole 
used to pick up R.F. 


Power HeaStrement — Low power (Euroka radiation) 


As in (co), except that it may be necessary to insert 
emplifier between input and resistor + diode. 


bis c Oscilistor / Mal Generator 
Two alternatives aro available:- 
(4) Pulsed oscillator witth diode amplitude 


indicator built in, dicde to work with 
a.c. amplifier and meter. 


(44) C.W. oscillator followed by pulsed am- 


plifisr. Diode amplitude indicator to 
be located wherever possible. 


Of ‘these altornatives, (i) is to be preferred on froinds 


of simplicity if it can be made to produce sufficionitly 
clean pulses of about 2 secs length. 


Puiser 


Multivibrator/Plip—fiop 


“|. Ghg without external triggezing is required, it is to 


ek. 
(i) 


(3) 


function as multivibrator. In both cases it is to 
trigger either pulse {f) or ringin> oscillator (h). 


inzing Osci %9 


To be triggered by flip flop when calibration pips are 
required. $3 output is fed to pulser (f). 


tt ° 
To go on output of oscillator (e). 


PRE. Meter 


To be triggered cither by video pulses or rectified 2". 
puises upem (cc). 


(ir) 


(1) 


(m) 


(n)° 


D.C. Amplifier 


To work in conjunction with meter and all peak diodes 
as required. 


D.C. Milliemmeter 
For circuit checking, and for use with (3) and (k). 


Dipoles 


Two bread band dipoles, one to connect to oscillator 
(through attenuator), the other to go to (c). This 
allevws receiving and transmitting functions to be sep- 


‘arate when test set.is being triggered by Rebecca. 


Power Supplies 


The set is te operate with dither 2h0 ¥ A.C. or 2h V D.C. 
peyer supplies. It is probable that ene power unit 


-will do this, using a nonmsynchronous vibrator when 
. Supplied with D.C. 





3. Tentative Valve Complement 


The following is a tentstive list of valves required 
for the test set, Some changes may become notjessary as de- 
sign Peer oe nos but all persons concerned will be notified 
immediately any decisions are mace. The arrar: ont of valves 
depends of course, on the types recuire?d being avaliable. 




















| Puriction i : Valve Type Quantity | 
, | 
ee in, - Flip-flop 63n7GT 7 : 
Calibrator Osciliator 6370T y 
Pulser mt 6EIT7 at a 
Oscillator (H.F.) 656 1 
“Oscillator Hionitor Tube pee BA5O 1 
Waveneter Detector Hui50 1 : 
(D.C Amplifier 65 : he 
is ‘Power Measuring Diode. : ' BA5O aL 
; PRP Meter ; 1 
Voltage Regulator | VR150/30" l 
“Power Supply _ | SCY -; 2 
| Fower Measuring Amplifier 6AK5 1 
6SN7GT 3 
636 2 
6AK5 1 
BASS 5 
OBR” vk 
Peas ¥R150/30 a 
“ X5ar 2 


. Tf VR150/30 is unvbtainabdle, VR105/30 will dc. 


High Attenuato# Weveneter 
Output Out put ‘Input 









hk 


palibrator| . 
Quéput & 
‘Bureka ° 
Trigger 


ee 
| Ringing |} 
j Oscillator } 
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2 Wammmunrantiqecom 5 vircuit | er 
a > ieee ) 
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—— viele fe knee 
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TEST 19, 3 


By: H. N. Edwardes 


ENE: JAS i3th July, 1944, 


ABSTRACT 


This repobt deals with measurements of directional 
diagrams, gain and impedance of the American Eureka aerial 
type A310/PPNI. 


Comparisons have been made between this aerial and the 
locally developed Eureka aerial type 844, 


Tests were carried out on St. Paul's Oval during the. 
period 5:6:44 to 19:6:44, 


Rebetca frequencies A, C, and EB, and frequency P were 
used in these experiments. 


I DESCRIPTION OF BQU . 


(a) Aerial AS10/PPNI. 


This is a light-weight, collapsible aerial. Pig. 1 is 
a sketch of the unit. The mast comsists of eight sections strung 
together on a thin wire cable held in by spring tension. The 
design is such that the sections are all drawn together when 
unfolded. 


The antenna, which forms the top section of the mast, con- 
Sists of three rods as shown in Fig. 2a. The vertical rod (a 
quarter-wave radiator) is a comtinnation of the inner conductor 
a@ the feeder. The outer conductor terminates in the two in- 
clined rods (trap rods). 


The feeder is 12 feet of Uniradio 32 co-axial polythene 
cable. 


y made by C.S.LR.O. 
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(b) RP. Bureka Type 0844. 


This aerial is represented in Fig. 2b. The lengths (a) 
and (b) are variable by means of sliding sections of tube. 


(e) Dipole. dt ale 


Fig. 2c represents the dipole used for comparison 
purposes. The feed is from Uniradio 1 co-axial cable, through 
a balance-unbalance matching transformer. The lengths 1. and 1 
were adjusted for minimum standing wave ratio in the feeder at 2 
6 freauency. 


II METHODS. 


(a) Aerial pave 


The aerial under test was made rotatable about a vertical 
axis, and used for receiving radiation from a fixed transmitter 
about 100 yards distant. The variation of received signal with 
aerial azimuth was observed. 


(b) Gain. 


Comparisons were made between Signals received on the 
various aerials when set up, in turn, at the same height and 
in the seme position. 


(c) Impedance. 


For this a standing wave detector was used, consisting 
of a slotted section of co-axial transmission line, of 75 ohms 
characteristic impedance, with a travelling probe. 


‘ 


III EXPERIMENTAL RESULTS. 


(a) Directional Diagrams. 


These are plotted on polar co-ordinates in Fig. 5. 
The quantities plotted are azimuth angle and relative voltage 
of received signal. The notes on the diagrams explain the various 
arrangements. 





(b) Gain Measurements, 


anh TABLE A. 





Setting of elements in U844 (a, = 138" 
Nate = Cemmare results horizontally o by, = 125" 





Sa 


The above table contains the results of measurements on 
the experimental model of the R.P. type U844 aerial, the AS10/PPNI 
and a matched dipole (L997, edjusted for P frequency). 


The letters A, C and E in colum i refer to Rebecca 
frequencies. 


Columns 3 and 4 contain results for AS10/PPNI in normal 
position with vertical polarisation from the transmitter, while 
for the results of 5 and 6 horizontal polarisation was used. 
Columns 4 and 6 contain figures of voltage gain of AS10/PPNI, 
relative to 0844 for frequencies A, C, EB and relative to the 
dipole for frequency Pe 


TABLE B. 


! 





This is the result of comparisons between gains of the 
three aerials at C frequency. 


TABLE C. 





NOTE:- Compare results horizontally only. 


These results: are for comparisons between AS10/PPNI and 
844 prototype (as distinct from the experimental model) for 
different frequencies and settings of the elements of US44. . 





(c) Impedance. 
TABLE D. FREQUENCY ©. we we 


ARRIAT STANDING 
— 
u844 (Ex) lei 


ue44 (Pr) ee 
















LOSS DUE TO 
REFLECTION Db 









This table contains values of standing wave ratio in 
the feeders of the aerials, at frequency C. 


IV DISCUSSION OF RESULTS. 


(a) Directional Diagrams. 


Note:- The relation between aerial setting relative to 
transmitter, and azimith is as indicated in the small diagram at 
the bottom right hand corner of Fig. 3: for O bearing, the plane 
of the rods is perpendicular to the direction of the transmitter. 


Diagrams A, B,C. (Vertical Polarisation, Frequencies A,C,E.) 


Por a bearing of 0, currents of equal. amplitude and 
phase flow in the two inclined trap rods. It is presumed that 
the lengths am inclination of the trap rods have been adjusted 
to produce equal currents in the inner amd outer conductors of 
the co-axial feeder. 


For a bearing of 90°, the currents in the trap rods 
would be out of phase, so that the resultant current in the outer 
of the feeder would not be equal to the current in the inner. 
Thus current flows on outside of braid, end the voltage at the 
receiver would be a. minimum. The diagrams show about a 10% 
difference between maximum and minimum. 


Diagrain “g. (Horizontal Polarisation, Frequency Cc.) 


For O bearing, there is no current in the vertical rod, 
while currents in trap rods are equal and opposite. Thus total 
current ihto feeder is zero, end signal is a minimum, 


Another minimum occurs at 90°, since all the rods are 
then perpendicular to the electric vector. 


In intermediate positions, the currents in the trap rods 
are out of phase and cause currents to flow in the feeder. These 
will be unbalanced also. Thus a “four-leaf clover" di agram 
results. 


Diagrem H.(Hurtzéntal Polarisation, Frequency P.) 


At this frequency the balancing arrangement would 
probably be upset, so that the braid of the cable would be touchy. 
This was confirmed experimentally. This would perhaps account 
for the distortion in the diagram. 





~5e 


“- ce 


Diagram BF. (Vertical Polarisation, Frequency P.) 


This should be similar to the vertical diagram of a 
dipole. The currents in the trap rods add vectorially at the 
centre. This sum is not always equal to the current in the 
other rod so that current flows down the braid. The displacing 
of the maxima by about 30° is probably due to this. 


Diagram g, ¢Vertieal Polarisation, Frequency P.) 


In this case the currents in the trap rods are always ° 
equal in magnitude and phase and the maxima occur at 90° and 270 
as in the case of a dipole. 


(b) Gain. 


The most important difference between the AS10/PPNI and 
U844 is that the former is able to receive a reasonable amount 
of horizontal polarisation (10db down on vertical polarisation, 
or 4 voltage). 


Even on P frequency the horizontal pick up is 15 db 
down on vertical (4 voltage). 


At © frequency both aerials have the same gain as a 
matched dipole (table B). 


Comparing tables A and C, there appear to be differences 
between the experimental and prototype versions of U844, al though 
the setti sor ay and bis for a match, are almost the same in 
both aerials. 


Losses due to mismatch are negligible (table D). 


V CONCLUSIONS. 


(a) AS1O/PPNI and U844 each have the same gain as a matched 
dipole at Cc frequency. 


(b) AS10/PPNI“has a wider frequency band than U844. 
(ce) Asi0/PPNI has considerable horizontal pick-up at P frequency, 


VI COMMENTS. 


It is difficult to reconcile conclusion (a) with the 
fact that ASIO/PPNI responds to horizontal as well as vertical 
polarisation. Possibly, the eerial ig more directive than a 
dipole in the vertical plane. 


From (c) there is a remote possibility of using the 
AS10/PPNI for Bureka in conjunction with A.S.V. 


poe 
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